Introduction {#sec1-1}
============

Neuromyelitis optica (NMO) is an idiopathic inflammatory disease of the central nervous system (CNS) with predilection for the optic nerves and spinal cord\[[@ref1]\] and which, unlike multiple sclerosis (MS), commonly spares the brain in the early stages. The disease is associated with paraplegia/paraparesis, due to severe transverse myelitis (TM) and blindness, due to severe optic neuritis (ON). NMO can have either a monophasic or relapsing course.\[[@ref2]\] Monophasic course is associated with younger age at disease onset, equal male to female predominance, and 5-year survival rate is 90%. Approximately 80% of patients with NMO have relapsing course,\[[@ref3][@ref4]\] which has a poor prognosis: 50% of patients become legally blind or wheelchair bound and 30% die with respiratory failure within 5 years. There is not a progressive phase like MS; the disease worsens by incomplete recovery with each acute attack.

NMO patients with myelitis attacks present with severe clinical disability (para/tetraparesis and sphincter disturbances). Most disabilities arise from the discrete acute attacks.\[[@ref5]\] These significantly impact the patients\' quality of life.\[[@ref6]\] In 2004, Lennon *et al*. detected NMO-IgG in 50%--70% of patients with NMO.\[[@ref7]\] This antibody is targeted against the aquaporin-4 (AQP4) water channel widely expressed in the optic nerves, the spinal cord, and the periventricular regions.\[[@ref8][@ref9]\]

Revised diagnostic criteria for NMO proposed, in addition to the two major symptoms (myelitis and ON), any two of the following three criteria: extended myelitis on spinal cord magnetic resonance imaging (MRI), normal brain MRI at onset, and positive anti-AQP4 antibodies.\[[@ref10][@ref11]\]

Various studies suggest that NMO is more severe than MS, and the most effective therapeutic option in NMO is immunosuppressive (IS) rather than immunomodulatory (IM) drugs.\[[@ref12][@ref13][@ref14]\]

There are four aspects of the treatment of NMO: acute treatment of relapses, prevention of relapses, symptom management, and rehabilitation.\[[@ref5]\] After establishment of diagnosis, acute management of relapse is of prime importance. Despite the absence of evidence-based medicine studies, administration of high-dose intravenous methylprednisolone (IVMP) is typically the first treatment given to patients with NMO to reduce disease activity and further progression and restore neurologic function.\[[@ref15]\] However, in some cases, this first-line treatment is not sufficient to reduce the inflammatory process and another strategy needs to be used, most notably therapeutic plasmapheresis (TP) with exchange transfusion. As per the American Society for Apheresis (ASFA) (Category 2, Grade 1B),\[[@ref2]\] it is defined as a procedure in which blood of the patient is passed through a medical device which separates out plasma from other components of blood, and the plasma is removed (i.e., \<15% of total plasma volume \[PV\]) without the use of replacement solution. This is done typically in 5--7 sessions over a period of 10--14 days.\[[@ref16][@ref17]\] Early initiation of PV treatment (in addition to corticosteroids and other immunosuppressant medications) is considered standard practice.

Anti-AQP4 antibody-mediated autoimmunity is implicated in the pathogenesis of NMO.\[[@ref18][@ref19][@ref20][@ref21][@ref22][@ref23]\] Plasmapheresis is effective in suppressing acute attacks in 50%--89% of patients with NMO.\[[@ref17][@ref24][@ref25][@ref26][@ref27]\]

TP is effective in patients with CNS inflammatory demyelinating diseases (IDDs) who do not respond to IVMP treatment. The efficacy of plasmapheresis is due to the removal of circulating autoantibodies from the blood.\[[@ref7]\] The exact efficacy of TP for NMO attacks may have been underestimated.\[[@ref17][@ref25]\] Plasmapheresis is becoming the preferred standard rescue therapy for NMO when high-dose IVMP treatment elicits only a weak response.\[[@ref15][@ref28][@ref29]\] However, evidence for the therapeutic efficacy of plasmapheresis for acute attacks of NMO is still limited. Recommended technical considerations regarding TP are given in \[[Table 1](#T1){ref-type="table"}\].\[[@ref2]\] This study assesses the clinical efficacy and safety of plasmapheresis in patients with NMO.

###### 

Describing technical considerations regarding therapeutic plasmapheresis
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Materials and Methods {#sec1-2}
=====================

This retrospective study of a prospective cohort was conducted in a tertiary neurological care center in between January 2015 and December 2015 with following inclusion criteria: patients with clinically definite or laboratory-supported definite NMO who have undergone plasma treatment, age 14--70 years; acute neurological deficit of major proportion, affecting spinal cord function, resulting in marked impairment in activities of daily living by virtue of hemiplegia, paraplegia, or quadriplegia; no preattack neurological deficit; treatment with IVMP with trivial improvement; and patients who received PV treatment for a total of five sessions every alternate day over 10 days.

Our exclusion criteria were as follows: (1) clinical, radiological, or pathological findings that suggested diseases other than NMO, (2) recurrence or relapse of the disease, (3) inability to establish peripheral or central IV access, (4) cardiac or other conditions with increased risk from hypovolemia.

We did following observations: patients had five sessions of plasmapheresis beginning on day 1, using acid citrate dextrose for anticoagulation. Plasma was separated by discontinuous flow centrifugation on a Haemonetics^®^ MCS^®^ Plus 9000 Apheresis System (Braintree, MA, USA) with crystalloids and hydroxyethyl starch as replacement. Plasma replacement was done by transfusing fresh frozen plasma (FFP) after the procedure. On day 10, clinical outcome was defined as per criteria of Keegan *et al*. (Neurology, 2002), whether no improvement, mild improvement (slight but definite change or no impact on function), moderate improvement (obvious improvement that impacts function), and marked improvement (important difference from baseline with major functional improvement) had occurred. Patients were evaluated at follow-up visit at 6 months to determine durability of improvement and recurrent disease activity. Guidelines for mild, moderate, or marked improvement are based on scales developed by Weinshenker *et al*.\[[@ref16]\]

Our statistical analysis was as follows: the outcome was based on whether moderate or marked improvement occurred. The primary analysis compared the PV treated in patients at our center, with the minimum recommended PV that should be treated as per the ASFA guidelines.

Results {#sec1-3}
=======

A total of 429 patients had plasma treatment in 1 year. About 58 (13.5%) patients were diagnosed with NMO. Of them, 24 (41.4%) patients met our exclusion and inclusion criteria. The most common reasons for ineligibility were different diagnoses; plasmapheresis sessions less or more than 5; and patients on maintenance therapy for NMO. These 24 patients underwent plasmapheresis for acute attack of NMO. Females (age; mean \[standard deviation (SD)\] 33.7 \[11.2\] years) were more common (75.0%; *n* = 18). About 33.3% (*n* = 8) of patients tested positive for anti-AQP4 (NMO) IgG antibodies (NMO \[AQP4\]). Of note, 16.7% (*n* = 4) of patients were clinically and radiologically diagnosed with NMO though laboratory confirmation for anti-AQP4 (NMO) IgG antibodies was not done.

Against the minimum recommended PV that was supposed to be treated during entire acute therapeutic period (mean \[SD\] 195.5 \[14.6\] mL/kg bw), (\[kg bw\] - kilogram-body-weight) lower PV (112.7 \[17.0\] mL/kg bw) was treated per patients (*n* = 24); the difference was significant (*P* \< 0.05). The volume treated was same across the gender (*P* \> 0.05). There was no significant difference between volume of plasma treated in patients who were positive and negative for anti-NMO (AQP4) antibodies, respectively (*P* \> 0.05). About 83.3% (*n* = 20) of patients were transfused FFP as replacement fluid. The rest were transfused with 20% human albumin. In 91.7% (*n* = 22) of patients, plasmapheresis was done through peripheral venous access.

Significant clinical improvement (in neurological status and function) was observed in 79% of patients (*n* = 19) (13 with moderate improvement and 6 with marked improvement), 6 months after plasmapheresis. Five of 24 patients who received a course of active treatment had mild to negligible improvement. Nonresponders may have sustained severe, irreversible axonal injury. The interval required from onset to enrollment may have resulted in irreversible damage in some patients. Those who improved on active treatment tended to be younger and male although these trends were not significant. There were no significant differences in volume of plasma treated between patients who had moderate improvement and patients who had marked improvement and between patients who did and did not have significant clinical improvement (*P* \> 0.05; for both) \[Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}\].

###### 

Comparison of recommended and actual plasma volume treated per session in patients with neuromyelitis optica at our center (*n*=24)
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###### 

Comparison of recommended and actual plasma volume treated per session in patients with neuromyelitis optica that had significant clinical improvement (*n*=19)
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Discussion {#sec1-4}
==========

Our study was aimed to compare the low PV treatment, with conventional minimum recommended PV treatment, among NMO patients (who had acute attack) (*n* = 24). The clinical outcome of these patients was then assessed to ascertain the therapeutic benefit of low PV treatment. We analyzed all patients with NMO diagnosed according to the current criteria. The following elements were critical in our study: enrollment of patients unlikely to recover or going to have a long relapsing course; an early response on active treatment, which allowed us to attribute benefit to the plasma treatment being given; primary outcome, that is, clinical improvement; and concomitant immunosuppressive treatment was not administered so that we would be able to evaluate the specific contribution of plasmapheresis to neurological improvement. At our center, the decision to treat plasma with TP in severe attacks was driven by the availability and safety of this technique. As the retrospective observational nature of the study might introduce some bias (i.e., lack of follow-up data for a given attack), we designed stringent inclusion criteria to overcome these limitations. We analyzed the clinical outcome of each well-described acute attacks of NMO in patients who underwent plasmapheresis as a part of the therapeutic protocol.

Jacob *et al*.\[[@ref5]\] reported age of onset of NMO around the fourth decade of life though the authors noted that the first attack may occur at any age from early childhood to elderly patients.\[[@ref5]\] Bonnan *et al*.\[[@ref30]\] in their study observed mean (SD) age 34 (14) years at disease onset, which is similar to what we observed in our study (mean \[SD\] age 34\[[@ref11]\] years). Collongues and Nagaishi *et al*.\[[@ref3][@ref31]\] observed female predominance in NMO, with a female to male ratio ranging from 3:1 in France to 10:1 in Japan. Our study also noted 75.0% of female patients. Bonnan *et al*.\[[@ref30]\] found 93% (40/43) of females in their study. Furthermore, in concordance with our study, Jarius *et al*. reported female predominance in AQP4 antibody-positive patients.\[[@ref32]\]

Jacob *et al*. initiated plasmapheresis in the 2^nd^ week (after high-dose steroids)\[[@ref5]\] if no recovery is seen and if deficits are severe. Bonnan *et al*.\[[@ref30]\] started plasmapheresis at a mean (SD) of 9.4 (10.1) days after attack onset. This was again in concordance with our data.\[[@ref5]\]

Plasmapheresis-treated attacks achieved a significantly better outcome after a spinal attack in our study patients. Bonnan *et al*. also reported dramatic clinical improvement when plasmapheresis was initiated during the first attack.\[[@ref30]\] We have observed initiation of plasmapheresis in NMO within a week of acute attack. Weinshenker *et al*.\[[@ref16]\] gave a possible explanation for the variation in response to plasmapheresis. They reported the presence of a critical humoral factor in the plasma of responders.\[[@ref16]\] The pathologic mechanisms in IDDs are heterogeneous.\[[@ref32]\] The factor (s) could be antibodies, complement or complement components, circulating immune complexes, or cytokines.\[[@ref33][@ref34]\]

Genain *et al*. demonstrated antibodies that are directed against some specific epitope. Similar observations were made by Storch *et al*.\[[@ref35][@ref36]\] These observations are relevant to the mechanism of action of plasmapheresis in NMO.

For patients with acute, severe attacks of NMO who fail to improve after high-dose corticosteroid treatment, Weinshenker *et al*. have recommended seven courses of plasmapheresis.\[[@ref16]\] Keegan *et al*. also reported seven sessions of plasmapheresis administered every other day for 14 days.\[[@ref24]\] In our patients, we followed the protocol of five courses of plasmapheresis with similar clinical picture. Those who fail to respond or had mild clinical improvement; a few of them were treated with two more sessions of plasmapheresis. We processed and treated 59% less PV (22 mL/kg \[0.6 PV\]) than reported by Keegan *et al*. 16 (54 mL/kg \[1.1 PV\]); and Keegan *et al*. (55 mL/kg), per session of plasmapheresis.\[[@ref24]\]

Keegan *et al*. reviewed the clinical data from 59 patients who received TP for IDDs, including 10 NMO and 6 acute transverse myelitis (ATM) cases.\[[@ref24]\] A moderate or marked improvement was seen in 50% of NMO and ATM patient groups. They did rescue therapy with TP in patients who were on corticosteroids without prompt clinical improvement or who had myelitis attacks despite corticosteroid therapy. Our study showed moderate or marked improvement in 79% of NMO patients. Keegan *et al*. also noted that male sex was associated with a moderate or marked improvement.\[[@ref24]\] Our study, in contrast, showed that female sex was associated with significant improvement. This may be explained by female predominance in our study population. This observation in our study was further collaborated by Watanabe *et al*.\[[@ref26]\] They reported treatment in six female NMO-IgG-positive patients with 3--5 TP sessions, each session treating 2--3 L of plasma. One with ON and two with myelitis showed definite functional improvement following the procedure.\[[@ref26]\]

As the volume treatment concerns patients on the whole, the late outcome at 1 year was more or less obtained by Keegan *et al*.\[[@ref24]\] during the 1^st^ month in the case of both success or failure of the treatment. We analyzed outcome of treatment at the end of 6 months, which gave us more time to definitively access clinically the success or failure of the treatment. A small number of case reports and a study of three cases were reported with variable improvement.\[[@ref11][@ref26][@ref37][@ref38][@ref39][@ref40][@ref41][@ref42]\]

As TP proved to be a promising treatment, it would now be unethical to design a study with a sham-treated group. In clinical trials of therapeutic interventions, sham treatment is an important scientific control.\[[@ref43]\] However, we could study effect of low volume treatment on the clinical outcome of NMO patients.

Conclusion {#sec1-5}
==========

Plasmapheresis is a safe and efficient add-on therapy in NMO, especially in steroid-resistant cases. Although the volumes of plasma treated during acute plasmapheresis were less than recommended minimum volumes, majority of patients had a significant clinical improvement. We emphasized the need and importance of plasmapheresis for NMO as a part of acute therapy, besides its role in severe relapse resistant to a high dose of corticosteroids. Owing to the low frequency of the disease, collaborative efforts will be needed for therapeutic trials in NMO. We could have been more certain of the therapeutic efficacy of low PV treatment, if we had randomly compared low-volume treatment with conventional minimal recommended PV treatment. Further randomized therapeutic trial that compares clinical improvement in patients with NMO who would and would not have their PV treated as per the ASFA recommendation is required though the pathology of NMO remains rare and randomized trials are difficult to manage.

Financial support and sponsorship {#sec2-1}
---------------------------------

This study was financially supported by the Department of Transfusion Medicine and Hematology, National Institute of Mental Health and Neurosciences, Bengaluru, Karnataka, India.

Conflicts of interest {#sec2-2}
---------------------

There are no conflicts of interest.

I feel privileged to offer my deepest sense of gratitude and respect to my guide, Dr. Sundar Periyavan, MD, professor and head, Department of Transfusion Medicine and Hematology, NIMHANS, for his invaluable guidance, supervision, and blessings, without which these works would not have seen the light of the day.
